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Supplementary Figure 1. Contact angles of EGaln on copper surfaces. a Contact angles of EGaln in air and
HCI vapor measured on the bulk copper plate and the deposited copper metal films. b—d Side-view images of
EGaln in HCI vapor placed on the copper surfaces prepared in different ways: b Bulk copper plate; ¢ Copper
thin film deposited on Si; d Copper thin film deposited on PDMS. The thickness of the deposited copper film
is 100 nm. A 10-nm thick titanium film was deposited as the adhesion layer. Data are presented as mean +

standard deviation (n > 3).
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Supplementary Figure 2. Conformality of the copper deposition. a Side-view scanning electron microscope
(SEM) image of the copper-sputtered PDMS posts. b Spatial distribution of copper in a by energy dispersive
X-ray spectroscopy (EDS) analysis.



Supplementary Figure 3. Snapshots of imbibition wetting of EGaln on the microstructured metallic
surface after HCI treatment. The images were taken from Supplementary Movie 2. The red dotted line
indicates the initial boundary in (i) and the red arrows show the propagation direction of imbibition-induced

wetting of EGaln. Scale bar is 100 pm.



Supplementary Discussion 1. Derivation of . for imbibition

Imbibition is affected by surface morphology and has been established by Bico et al'. According to Bico et al.,
interfacial energy (dF) per unit length (dx) is defined by the following equation:

dF = (VSL - VSV)(r - ¢s)dx + )/(1 - (.bs)dx:

where yg; denotes the surface energy between solid and liquid, yg, that between solid and vapor, and y that
between liquid and vapor; r represents roughness, and ¢ (= mR?/d?,R denotes the radius of the post and
d the lattice distance) is the fractional area of top of the posts. According to the Young’s relation, yg, is the
same as Ys;, + ¥ cos 8y, where 6, denotes the contact angle on a flat surface. Imbibition could occur when dF

is negative, which fulfills the following condition:

1-—
cosfy > b
r—= ¢s
Thus, we can define the critical contact angle, 6,:
1- ¢s
cos O, =
¢ - (nbs

Supplementary Discussion 2. Derivation of &, for imbibition
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Supplementary Figure 4. Schematics for calculation of 8.;,. a A comparison of the distance between the

diagonal and axes (top view). The diameter of posts and spacing between posts are the same as /. b, ¢ Side view
of the diagonal: b In the case of 8¢ > 0 ,;,, Where the liquid is pinned before the next post. ¢ In the case of

0o < 0. pin, Where the liquid arrives at the next post.



The mechanism of how the liquid can advance through the patterned surface has been explained by Courbin et

al>. According to Courbin et al., imbibition can occur more easily and quickly through the diagonal than the
axes. This is because the distance between the posts toward the diagonal, which is (\/E - 1)l, is shorter than

that of the axes, which is | (Supplementary Figure 2a). Thus, regarding the critical contact angle for pinning,
H
Ocpin = arctan(m).

We can consider two cases via the diagonal direction. One is that liquid cannot wet the next post and gets pinned
on the substrate. Supplementary Figure 2b shows that liquid cannot reach the next post because 6, is larger

than 6 ;. The other is that liquid can wet the next post sufficiently and advance. Supplementary Figure 2c

indicates that liquid arrives at the next post because 6, is smaller than 6 ;. Therefore, pinning is expected

to disappear if 6, decreases for the liquid or the aspect ratio (ﬁ) increases.

Supplementary Figure 5. Imbibition-induced wetting behavior of EGaln depending on the dimensions of
posts.

Supplementary Table 1. 0., 0 ,;,, Lc and L as a function of the dimensions of posts.

D (um) [ (um) H (um) 6o 0. Oc,pin L. L (I/H) Imbibition
200 25 25 57° 68° 1 o
25 25 10 44° 44° 2.5 o
~25° 5.2
25 200 25 16° 17° 8 X
25 25 1 16° 5° 25 X




Flat surface

Post patterned surface
25 x 25 x 25 ym (dimensionless parameter, L = 1)

5 min 5 min
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0
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Supplementary Figure 6. Wetting properties of EGaln on Cu/Si binary surfaces without and with post
patterns (D =1/=H =25 pm, L = 1) in the presence of HCI vapor. Scale bars are 1 mm.
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Supplementary Figure 7. Schematic of the capillary pressure at the front of EGaln on the one row of
posts.



Supplementary Table 2. Comparison of studies on coating and patterning of GaL.Ms on metallic substrate.

Minimum

Required time

Liquid Substrate De(ﬂol?ltlll?g Eeett:l()d External force contact for minimum Svileet:itrllve Reference
metal q angle V contact angle &
Ga AwPDMS Therma}l Required (vacuum 0° _2 % 3
evaporation and thermal energy)
Au/PDM .
w "DMS Thermal Required (vacuum o 2)
Ga (micro- evaporation and thermal energy) 0 - % 4
structured) P &
. Direct contact Required ° _2 O
Galinstan CwSEBS (rolling) (mechanical energy) 0 by metal-metal >
interaction ¥
. Direct contact Required ° ) O
Galinstan  Aw/PDMS (rolling) (mechanical energy) 0 by metal-metal 6
interaction ¥
Electrochemically .
EGaln Porous Cu enabled Re_qulred PTObfbly ) X 7
foam . . (electrical energy) 0
reactive wetting
EGaln In foil Spontaneous ) 10° 8.2s
. . . X 8
Galinstan Sn foil wetting Not required 20° 4 days
Cu sheet Spontaneous O
Galinstan  treated with pwe tting Not required 4.3° 200 s by metal-metal 9
CuCl interaction ¥
Cu/PDMS Spontaneous O
EGaln (micro- wetting enhanced Not required 0° ~40s directed by This work
structured) by imbibition microstructure

" 0° means a “complete wetting” was achieved.

2 Not applicable. The required time for these works strongly depends on the deposition process condition. The required times in this
table have been considered only for the cases of spontaneous wetting.

3 The selective wetting occurs along the pre-deposited patterns of metal.
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Supplementary Figure 8. Surface topographies of EGaln/Cu/PDMS with different height of posts. a 3D
and 2D surface topography and of EGaln/Cu/PDMS with posts of 25 um height. b, ¢ Surface profiles of a. d
3D and 2D surface topography and of EGaln/Cu/PDMS with posts of 10 um height. e, f Surface profiles of d.
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Supplementary Table 3. Surface roughness of EGaln/Cu/PDMS in Supplementary Figure 8.

Height of posts Sa (um) Sq (um)
10 um 0.1418 0.2041
25 um 0.3235 0.4833

* Sa: Arithmetic surface roughness; Sq: Root mean square surface roughness
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Supplementary Figure 9. The normalized resistance change of EGaln/Cu/PDMS depending on strain in
the range of 0% to 80%. With more than 80% strain, the PDMS was broken and resistance measurement was
not possible.
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